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Path integrals for quantum mechanics have resisted formulations in which genuine measures -real or complex on q-space and/or p-space paths are involved. This situation is in marked contrast to the Euclidean formulation of quantum mechanics (generalized diffusion theory) in which one has the mell-known Feynman-Kac formula based on the Wiener measure that governs q-space Brownianmotion paths. ' Since the formal "measures" of quantum mechanical path integrals are not countably additive it has been basically necessary to resort to limiting procedures (e.g. , lattice-space formulations and subsequent limits) to define the path integral. In this Letter we indicate, for a certain class of dynamical systems and in a projection sense made clear below, that quantum mechanical path integrals involving genuine measures do in fact exist.
The basic idea in our approach is to exploit the overcompleteness inherent in the usual coherent states. Linear dependences among the coherent states imply ambiguities in the integral kernels that represent operators, or, stated otherwise, that an equivalence class of kernels corresponds to the same operator. In this Letter we observe that within the equivalence class corresponding to the quantum mechanical evolution operator for driven harmonic oscillators there exist integral kernels that admit representations as genuine Wiener integrals over phase space. Other dynamical systems formally follow by integration or equivalently by functional differentiation involving the driving function. After outlining the well-founded mathematical formulation of our quantum mechanical path integral, we also give a formal statement of our main result.
Coherent state properti-es. Let B be an arbitrary, bounded (for convenience) operator, and consider the expression &P"q, IBIP"q& = J J &P"q. lp", q"&X,(P", q";P', q') &P', q'I p"q &(dp" dq"/~~)(dp'dq'/»). 
where 'X is a formal normalization constant.
The study of the Hamiltonian (6) and its formal path integral (8) can serve as the starting point for alternative dynamical systems. As one example, we may simply choose n = 0. As another example, let p(t) -&u ' 'p(t), q(t)-~' 'q(t), s(t)-&u 't'(t), and choose u=&u; then (8) represents the propagator for a driven oscillator of angular frequency~. Note for the coherent-state path-integral formulation that the formal measure in (8) is invariant under such a transformation.
Additionally, as a standard trick, we may integrate (8) over some distribution of s paths thereby converting (8) into an expression for a more general potential, at least in a formal manner.
Equivalence ctass propaga-tor.
We now asse-rt that we can write an element of the equivalence class of the evolution operator for the Hamiltonian (6) in the following form4:
II XI In this expression p. " ', where either x= -p or x =-q, is a standard Wiener measure on continuous paths pinned so that at t', x(t') =x', and at t", x(t") =x". In units where t'=0 and t"= While (9) has been written in physicists' notation it is in fact mathematically well defined. To see this we need only interpret the terms (pq -qp)dt and sp'dt in the fashion p dq -q dp and sdp, respectively. As such all the terms in the indicated integrand in (9) are well-defined stochastic integrals, this being the case even if s itself is an element of a, stochastic process for which the expectation of fs (t) The evaluation of (9) is straightforward and is given by &p", q", t"~p ', q', t'), c =A exp(-, 'i(q "p '-p"q ')
, 'i J [cos-n(t" -t)q" +cosn(t -t')q' -sinn(t" -t)p" +sinn(t -t')p']s(t)dt + , 'i f-f dt, dt, sinn~t , -t,~s(t,)s(t,)),
where q"'= q'cosn(t" -t') +p'sinn(t" -t'}, p~'-=-q'sinn(t" -t') +p'cosn(t" -t'), and (10)
(ii)
When the kernel (10) is inserted into (4) the result is an expression for the correct propagator (7), where the functional form of the correct propagator is also given by (10), the only change being that A=B = l. Observe then from (11)that as the time interval t" -t' becomes arbitrarily large the equivalence-class propagator (10) 
Here goU* ", where either x -= p or x =q, is an Ornstein-Uhlenbeck measure on continuous paths pinned so that at t', x(t') =x', and at t", x(t") =x ". In units where t'=0 and t" = T then for 0~t~T &x(t)) =(1-e ' ) '[e '1(l -e ")x" +e '(1-e '1 '1)x'] while for 0 -u -v -T the connected covariance function reads
where &(~~)), "=-J ( . )dpoU" '" (x)/JdppU* '" (x) and + -2T J dp x~x (X) p &l2(1 e 2T) l/2e -TI2 eXp (1 e 2T) 1 (Xr2+Xu2) 2XtXne-T VOLUME 48, +UMBER 3 PHYSICAL REVIEW LETTERS (17) where % is a formal normalization constant, and In units where t'= 0 and t" =T the measure p"" '" is related to the standard Wiener probability measure v~" pinned at t = 0 so that x{0) = x' accordirg to Jd(x(T) -x") (~~)dv "(x) = J(~~)dp " "(x). The probability measure v *' has mean x' and a connected covariance given (in the notation of the textl byu. These Wiener measures are just the ones that enter the Feynman-Kac formula for a particle of unit mass [cf. Ref In units where t' = 0 and t" = T the measure poU" " is related to the stationary Ornstein-Uhlenbeck probability measure voU accordirg to
Jd(x(T) -x")6(x(0) -x') (~~)dvoz(x) = vr~~~e r~e xp(2(x'2+x"~))J(~) dpo&, " '" (x). The static»~probability measure vou has mean zero aud covariauce given by just the first term in (14).
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